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The pollution of the atmosphere, of water bodies, of soils, and of the ground in the process of oil production is observed mainly in emergencies. It has been established statistically that in Russia there are up to 40 large failures each year on long-distance oil pipelines, and up to 25 000 small failures on oil-field pipelines [1] . Emergencies on a pipeline are accompanied with considerable emissions not only of oil but also of attendant highly mineralised formation water, which has a destructive effect on all features of the landscape. The pollution of soil by oil will lead to a reduction in nitrate nitrogen and to a shift in the C:N ratio. The envelopment of soil particles by oil film prevents the migration of aqueous phase, and the soil acquires hydrophobic properties. Natural methods for removing products of human technology from soil are based on the effect of biocatalysis with the participation of microorganisms producing enzymes/ oxidants of hydrocarbons of the oxygenase group. The enzyme oxygenase "pool" in soils takes part in all stages of transformation of organic compounds, while the metabolites formed as a result of redox processes are an important factor in soil formation. The catalase group enters the composition of respiration enzymes. With their participation, apart from the formation of oxygen, the oxidation of primary alcohols occurs, as well as the synthesis of energy materials (adenosine triphosphates (ATPs)) that are essential for the survival of microorganisms. Dehydrogenases also enter the composition of respiration enzymes and catalyse reactions of hydrogen removal. Dehydrogenases are the most important degraders of petroleum hydrocarbons and characterise the total metabolic activity of soil microflora. Different hydrocarbons and organic and humic acids may act as substrates of dehydrogenation. Polyphenol oxidases catalyse processes of oxidation of organic compounds of the aromatic series into components of soil humus and the oxidation of phenols to quinones in aerobic conditions. Peroxidases catalyse the oxidation of polyphenols and break down not only different phenols but also aromatic amines: pyrogallol, hydroquinone, pyrocatechol, and o-cresol. Peroxidases along with polyphenol oxidases take part in the formation of humus in the soil, increasing its fertility [2] .
Under environmental conditions, processes of oxidation and degradation of hydrocarbons, by virtue of different factors, proceed fairly slowly, over a period of several years, depending on the concentration of pollution [3] . To simulate degradative processes and to restore the fertility of polluted soil, use is made of a complex of agrotechnical measures with the simultaneous introduction of sorbents stimulating the activity of soil bioecosystems and nitrogen fixing [4] .
Carbon black is a disperse carbon material. It is a raw material for the production of carbon-carbon porous materials [5] . On account of their high specific surface and sorption activity both in relation to petroleum products and in relation to other toxic compounds, carbon materials may be effective in the adsorption purification of soils. Study of the life processes and biological activity of the native microflora in oil-polluted soil with the use of the indicated carbon materials is being conducted for the first time, and therefore is of scientific and practical interest.
The aim of this work was to study the effect of carbon sorbents on the population and activity of microorganisms of geoecosystems in the process of biodegradation of petroleum hydrocarbons polluting the soil.
The effect of carbon sorbents on the dynamics of the population and oxygenase (degradative) activity of microorganisms of oil-polluted soils was investigated under laboratory conditions. The experiment was conducted in three variants: two trial variants and one control. The soil was polluted by oil in a concentration of 70 g/kg, thoroughly mixed, and 300 g was placed in each of three special vessels. For pollution of the soil, use was made of oil from a field in the West Siberian region with a density of 0.85 g/cm 3 and a viscosity of 10.7 m 2 /s. In the two trial variants, carbon black P161 or sorbent Tekhnosorb-1 was introduced in a concentration of 20 g/kg. The control was oil-polluted soil without sorbents.
Carbon black of grade P161 and carbon black sorbent Tekhnosorb-1 (2.2 + 0.2 mm fraction) were manufactured at the Institute of Hydrocarbon Processing Problems (IPPU). The sorbent Tekhnosorb-1 was produced by consolidating primary aggregates of carbon black P514 with pyrocarbon film during the pyrolysis of gaseous hydrocarbons on the surface of particles in their granules [5, 6] . The physicochemical properties of the investigated carbon materials are given in Table 1 .
Granules of sorbent Tekhnosorb-1 had pores of about 5 nm mean diameter. With the use of this sorbent, in the process of biodegradation of the polluting oil, the release of primary aggregates of carbon black P514 and fragments of pyrocarbon film is possible.
To determine the dynamics of the population and enzyme activity of the microorganisms, soil samples were taken after certain time intervals, and inoculation was conducted by classic procedures. The activity of the enzymes/degraders -catalases, peroxidases, polyphenol oxidases, and dehydrogenases -was determined by the procedures described by Kireeva et al. [7] . Oil was extracted from the polluted soil with chloroform in a Soxhlet apparatus. For chromatographic analysis, specimens of oils extracted from control and trial soil samples were subjected to additional purification with hexane to remove resins and asphaltenes on a column filled with ammonium oxide. The obtained oil samples were analysed by chromatography using a gas-liquid chromatograph of grade 3700 (Russia) with a flame ionisation detector and a capillary column of 25 m length, filled with SE54 stationary phase. The carrier gas was helium, and the flow rate was 1 mL/min. Analysis was conducted with temperature programming from 50 to 290°C. The degree of biodegradation of the oil in the polluted soil was calculated from the ratio of the concentrations of the sum of isoprenoid hydrocarbons i-C 19 (pristane (Pr)) and i-C 20 (phytane (Ph)) to the sum of normal alkanes (n-C 17 + n-C 18 ). Figure 1 gives the results of an experimental investigation of the population of microorganisms of oilpolluted soil with the addition of the investigated carbon materials. As follows from Figure 1 , the introduction of carbon materials into oil-polluted soil stimulates growth of the population of the soil microflora by 120-180% in comparison with the control soil, where the carbon materials were not used. Here, the peak of stimulation of microorganisms in the oil-polluted soil falls on day 15, after which the number of cells becomes equal to the content of cells in the initial soil.
In the soil, the predominant group of microorganisms was determined, consisting of representatives of the species Bacillus, Micrococcus, Pseudomonas, Arthrobacter, and Flavobacterium and yeast and mould cultures. All these cultures enter the composition of the active hydrocarbon-oxidising physiological group. The size of a microbial cell is commensurate with or several times greater than the size of the primary aggregates of carbon black. It is also important to point out that particles of carbon black, as with the surface of the microorganisms, are negatively charged, which rules out electrostatic interaction between them [8] .
Together with growth in the population of microorganisms when carbon black P161 is added to oil-polluted soil, their enzymatic activity also increases. It is important to point out that the enzymatic activity of microorganisms continued to increase, even with reduction in the population of microorganisms in the soil (Figures 1 and 2) . Thus, 30 days after the introduction of carbon black P161 into the soil, the activity of the dehydrogenase increased tenfold, the activity of the catalase 23-fold, the activity of the peroxidase 2.2-fold, and the activity of polyphenol oxidase 3.5-fold by comparison with the initial activity ( Figure 2) .
Increase in the enzymatic activity of the oxygenase group is due not only to the fact that, when carbon materials are introduced into the soil, microorganisms fall into a specific microzone with a "comfortable" pH value of 5.6-7.8 ( Table 1 ) [4, 9] but also to activation of processes of synthesis of energy materials for energy exchange, i.e. for energy production, in the form of ATPs. When carbon materials are introduced into the oil-polluted soil, as a result of activation of ATP synthesis, initially the life processes of microorganisms are stimulated, and then, after 10-15 days, on account of sharp increase in their metabolic activity, processes of biodegradation of the hydrocarbons.
All of the studied enzymes belonging to the oxygenase group catalyse processes of degradation and transformation of organic compounds, including petroleum hydrocarbons. Chromatographic analysis of oil extracted from the trial and control variants of soil after 30 days made it possible to calculate the main biomarkers confirming the degradation of n-alkanes of the polluting oil.
As follows from the data in Figure 3 , the ratio of isoprenoids Pr/Ph remains almost unchanged in all test variants, as they are transformed with greater difficulty by oxygenase enzymes. The ratios Pr/n-C 17 and Ph/n-C 18 increase as a function of the sorbent used, which indicates the biodegradation of n-alkanes C 17 and C 18 . The degree of biodegradation (C b ) of petroleum hydrocarbons also increases as a function of the sorbent used: 1.6-fold with the introduction of carbon black P161 and 2.5-fold with the introduction of sorbent Tekhnosorb-1 by comparison with the control, where no sorbent was introduced.
The high degree of biodegradation (3.17) that was obtained in the experiment with the use of sorbent Tekhnosorb-1 confirms its more active stimulating action in relation to the biochemical activity of soil ecosystems, including the group of hydrocarbon-oxidising bacteria.
Thus, the introduction of carbon materials in the form of carbon black or technical sorbents based on it into oil-polluted soil accelerates considerably the processes of biodegradation of petroleum hydrocarbons contained in the soil.
This application of carbon black is a response to the problem of environmental protection against oil pollution, and also to the problem of efficient use of waste in its industrial production. 
